We used the near-IR imager/spectrograph LUCIFER mounted on the Large Binocular Telescope (LBT) to image, with sub-arcsec seeing, the local dwarf starburst NGC 1569 in the JHK bands and HeI 1.08µm, [FeII] 1.64µm and Brγ narrow-band filters. We obtained high-quality spatial maps of HeI 1.08µm, 
Introduction
Understanding the star formation activity and history of local dwarf galaxies is of high astrophysical relevance. In fact, they represent ideal laboratories to study how star formation occurs in low-metallicity environments that, at the same time, do not show any global, ordered kinematic structure as in disk galaxies. As such, dwarf galaxies allow us to study how stellar feedback alone affects the physics, kinematics and chemical enrichment of the interstellar medium. Nearby, star-forming dwarf galaxies that are metal-poor and gas-rich are often compared to the first galaxies in the early Universe (see Izotov & Thuan 1999) , which were the first structures to collapse from primordial density fluctuations, and gave rise to larger systems through mergers (White & Frenk 1991; Kauffmann, White & Guiderdoni 1993; Cole et al. 1994) . They are also referred to as the possible local counterparts of starbursting galaxies that, at moderate redshift, dominate the faint galaxy counts at blue wavelengths (Broadhurst, Ellis & Glazebrook 1992; Lilly et al. 1995) .
The nearby galaxy NGC 1569 is considered to be the archetype starbust dwarf galaxy for several reasons. First of all, it is gas-rich and relatively metal-poor: at the revised distance of 3.36 Mpc (Grocholski et al. 2008 , so that M B = -18), its HI and dynamical masses are ∼2 × 10 8 M ⊙ and 5.1 × 10 8 M ⊙ , respectively (adapted from Reakes 1980 ).
Its gas-phase and stellar metallicities are estimated to be 12 + log(O/H) ≃ 8.3 (Calzetti, Kinney & Storchi-Bergmann 1994; González Delgado et al. 1997 , Kobulnicky & Skillman 1997 and Z ∼ 0.1 -0.2 Z ⊙ (Grocholski et al. 2008; Aloisi et al. 2001) , respectively.
Star formation has taken place in NGC 1569 for a Hubble time, although with different intensities as obtained by Vallenari & Bomans (1996) , Greggio et al. (1998) , Aloisi et al. (2001) and Angeretti et al. (2005) using color-magnitude diagrams of resolved stars. The recent studies by Angeretti et al. (2005) and Grocholski et al. (2008) show that the star formation activity of NGC 1569 started about 10 Gyr ago and proceeded until ∼1 Gyr ago -7 -presumably at a constant, very low rate. In the last 1 Gyr, however, NGC 1569 experienced at least three major bursts of star formation: i) the older one started about 1 Gyr ago and ended ∼100 Myr ago with an average star formation rate (<SFR>) of about 0.04 M ⊙ yr −1 ;
ii) the intermediate episode was triggered about ∼ 100 Myr ago and lasted up to 30 Myr ago with <SFR> ∼ 0.08 M ⊙ yr −1 , and iii) the younger burst begun ∼ 27 Myr ago and ended about 8 Myr ago with <SFR> ∼ 0.3 M ⊙ yr −1 (Angeretti et al. 2005 ). According to Aloisi et al. (2001) , the spatial distribution of stars across the galaxy changes with their age, so that stars younger than 50 Myr are more centrally concentrated, intermediate age stars (50 Myr -1 Gyr) are uniformly distributed, and older stars are mostly found in the outskirts of NGC 1569. Angeretti et al. (2005) suggested that this episodic star formation (in the last 1 Gyr) could be ascribed to the gravitational interactions of NGC 1569 with an HI cloud (∼ 7 × 10 6 M ⊙ in mass) a few kpc away yet connected to the galaxy by an HI bridge (cf. Stil & Israel 1998) .
The presence of several HII regions (Waller 1991 ) and the spatially extended Hα emission indicate that NGC 1569 has formed new stars rather recently. Hunter & Elmegreen (2004) used the spatially integrated Hα luminosity (corrected for reddening) to derive a SFR of ∼ 0.6 M ⊙ yr −1 (adjusted to a distance of 3.36 Mpc). The morphology of the extended Hα is rather complex and characterized by arcs, filaments and four large-scale superbubbles (Hunter et al. 1993; Heckman et al. 1995; Martin 1998; Westmoquette et al. 2008) . The latter are seen to expand at typical velocities of ∼100 km s −1 which imply dynamical ages < 25 Myr, consistent with the most recent burst of star formation derived by Angeretti et al. (2005; Heckman et al. 1995; Westmoquette, Smith & Gallagher 2008) .
The expansion of these superbubbles is most likely powering a galactic outflow throughout the disk whose direction is approximately perpendicular to the inclined and flattened HI disc of NGC 1569. The presence of an outflow of ionized gas is also supported by the high
[SII]/Hα ratios measured within the superbubbles and indicative of shocks (Westmoquette, -8 -Smith & Gallagher 2008) . The arcs of ionized gas detected in Hα and X-ray in the superbubbles suggest that the hot gas is still confined within the superbubbles, although it is moving at the escape velocity of NGC 1569. Thus, at present day, the galactic outflow of NGC 1569 does not appear to be in a steady state and to be able to induce mass loss from the galaxy (Westmoquette, Smith & Gallagher 2008) .
NGC 1569 is special also for another reason: it hosts two of the nearest super-star clusters known (SSCs A and B, Arp & Sandage 1985) . SSCs are massive star clusters few Myr to several hundred Myr old, believed to be the ancestors of globular clusters. In fact, they are as extended and massive as globular clusters and, after ∼10 Gyr of passive evolution, they can match the luminosity range spanned by globular clusters today (cf. van den Bergh 1995; Meurer 1995). They are typically observed in interacting/merger systems (see Whitmore et al. 1993 ) and starburst galaxies (see Meurer et al. 1995) . In NGC 1569, SSC A has been resolved into two components (A1 and A2, De Marchi et al. 1997 ), of which A2 may be the host of young O and Wolf-Rayet stars and A1 together with SSC B may be dominated by older red supergiants (Origlia et al. 2001 ). González Delgado et al. (1997) suggested that SSCs A and B have possibly undergone sequential star formation, with two major bursts of star formation about 3 and 9 Myr ago. The authors also found a deficit of ionized gas around SSCs A and B which may have been created by the stellar winds and supernova explosions of the older burst removing the local gas. According to the measurements of Ho & Filippenko (1996) SSC A is as massive as ∼4 × 10 5 M ⊙ (adjusted to a distance of 3.36 Mpc).
Age dating of star clusters and resolved stars strongly depends on dust extinction.
Studies of the stellar content of NGC 1569 based on long-slit spectroscopy show that the intrisic dust extinction varies across NGC 1569 by few tenths of a dex, and peaks at SSCs A and B (González Delgado et al. 1997; Origlia et al. 2001 ) and in the North-West portion of -9 -the galaxy (Kobulnicky & Skillman 1997 
Observations
The observations presented here were carried out with the LBT, located on Mount Graham, Arizona (Hill, Green & Slagle 2006) . NGC 1569 was observed during the science commissioning of LUCIFER (Ageorges et al. 2010; Seifert et al. 2010) The near-IR images were reduced with standard IRAF 1 routines. They were corrected for bias and flat-fielding, and their astrometric solution was derived from the field stars in common with 2MASS. After background subtraction, the images taken in the same filter were corrected for geometric distortion and then combined together on the basis of their
World Coordinate System with a weighted mean. The final mosaiced frames in the broad band filters were flux-calibrated, at a 10% accuracy, using the 2MASS magnitudes of the stars in the field of NGC 1569.
After convolution to the same PSF (FWHM = 0.5 ′′ ) the continuum emission was subtracted from each narrow-band image by scaling the closest broad-band image (J for HeI 1.08µm, H for [FeII] 1.64µm and K for Brγ) so that field stars would have had the same integrated count rate in both the narrow and broad band filters. This scaling was applied to the broad band zero points in order to calibrate the pure emission line images in flux, with an achieved 1 IRAF is distributed by the National Optical Astronomy Observatory, which is operated by the Association of Universities for Research in Astronomy, Inc., under cooperative agreement with the National Science Foundation.
-11 -accuracy of 20% (estimated from the scatter in the zero point derived from different stars).
The optical HST/ACS images were retrieved from the HST archive already reduced.
The subtraction of the continuum emission (the F606W image) from the F658N frame and the flux calibration of the pure Hα emission were performed as for the near-IR data, reaching a flux accuracy of 20%. Such a low accuracy in the flux calibration of the Hα is mostly due to the broad F606W filter which makes it impossible to account for color terms.
The Hα-emission image was corrected for a 5% flux contribution from the [NII] λ6548,6584
lines ( We integrate the observed Hα and Brγ maps of NGC 1569 over an ellipse of semi-major axis a = 37 ′′ (606 pc) and semi-minor axis b = 17 ′′ (274 pc) which does not include the extended Hα superbubbles, where shocks due to the galactic outflow seem to be important.
The depth of our near-IR imaging is not sufficient to allow us to detect these extended -13 -superbubbles. Pixels below our S/N cut are excluded from the integration. 2 We use the resulting total Hα and Brγ fluxes to derive the color excess (intrinsic + foreground) averaged across the galaxy as in Calzetti et al. (1996) :
where R obs is the observed Hα/Brγ flux ratio, R int is the intrisic Hα/Brγ flux ratio (102.8) computed for Case B (i.e. the gaseous clouds are optically thick to line photons) assuming a temperature of 10,000 K and a density of 100 cm −3 (Osterbrock 1989 ). The extinction curve κ(λ) is adopted from Fitzpatrick (1999) , with κ(λ Hα ) = 2.535 and κ(λ Brγ ) = 0.363.
We thus obtain < E g (B − V) > = 0.58 mag, consistent with Calzetti et al. (1996) , and an
.07 mag assuming a foreground Galactic color excess E G (B − V) = 0.51 mag (Burstein & Heiles 1982; Calzetti et al. 1996) . Since the intrinsic color excess on the stellar continuum is < E We apply Eq. (1) to each pixel in the observed Hα and Brγ maps in order to derive the spatial distribution of E g (B-V) (intrinsic + foreground) across NGC 1569. This is shown in Fig. 2 ; we clearly see that the color excess is higher (> 0.6 mag) where the H and He emission fluxes are higher, and the NW half of the galaxy is more extinguished than the South-East [where E g (B-V) < 0.6 mag]. The distribution of the pixel color excess as derived from Fig. 2 peaks at about E g (B-V) = 0.6 mag and its full width half maximum 2 We compared the resulting total fluxes with those obtained from the same area prior applying ADAPTSMOOTH to find negligible differences, at the 1% -2% level. Because of our S/N cut, the color excess can be determined only for galactocentric distances <-50 pc and >30 pc. As Fig. 3 shows, the color excess increases from E g (B-V) ≃ 0.57 mag in the South-East portion of the galaxy to E g (B-V) = 0.7 -0.8 mag in the NW.
This gradient is consistent with the findings of Kobulnicky & Skillman (1997) . The higher E g (B-V) (∼0.7) seen at +100 pc from the central cavities in Fig. 3 is in agreement with the findings of González et al. (1997) .
We use the 2D spatial map of E g (B-V) to correct the line-emission images pixel by pixel following the formula:
where F i (λ) and F o (λ) are the intrinsic and observed line flux, respectively, and κ(λ) is the extinction law. For a Fitzpatrick's (1999) 
The recent star formation activity of NGC 1569
We integrate the dereddened Hα, HeI 1.08µm and Brγ maps of NGC 1569 over an ellipse of semi-major axis a = 37 ′′ (606 pc) and semi-minor axis b = 17 ′′ (274 pc) which does not include the extended Hα superbubbles. Pixels below our S/N cut are excluded from the integration. We obtain a total, dereddened luminosity of 5. We checked whether the properties of the stellar population ionizing the H and He gas in NGC 1569 vary with galactocentric distance. We integrated the flux of the dereddened Hα and HeI 1.083µm images over concentric, elliptical semi annuli and derived the corresponding Q(H 0 ) and Q(He 0 ) as a function of galactocentric distance. We compared these Q(H 0 ) and Q(He 0 ) values with the SB99 predictions for instantaneous bursts, and found that stellar ages are consistent with a value of ∼4 Myr at any galactocentric distance.
On the other hand, the mass surface density of the ionizing stars increases inward, from ∼0.01 M ⊙ pc −2 at ±700 pc from the galaxy center to ∼0.3 M ⊙ pc −2 at 300 pc in the SE portion of NGC 1569 and to ∼1.8 M ⊙ pc −2 in the North-West.
The star formation rate and its density
Using the relation between star formation rate (SFR) and the dereddened Hα (or Brγ) luminosity as in Kennicutt (1998) plotted as a function of position along the semi-major axis (see Fig. 7 ). The maxima of the SFR density are about 9 × 10 −7 M ⊙ yr −1 pc −2 and 4 × 10 −6 M ⊙ yr −1 pc −2 at -300 pc and +300 pc from the galaxy center, respectively. The errorbars (±1σ) in Fig. 7 indicates a systematic uncertainty of ±0.1 dex on the SFR derived from the dereddened Brγ image.
The width of the distribution of the pixel star formation rate as obtained from the dereddened Brγ image indicates that SFR density varies by a factor of 10 within the galaxy.
The [FeII] emission
The Greenhouse et al. 1997 . Some theoretical computations (e.g. Shull 1983 and McKee et al. 1987) have shown that this extended [FeII] emission can be explained by high-speed shocks such as those associated with a galactic outflow.
The proposed mechanism assumes that iron atoms can be extracted from silicate grains that are preferentially destroyed via nonthermal sputtering and grain-grain collisions (cf.
also van der Werf et al. 1993 . We note that these mechanisms can also be triggered by SN shocks). NGC 1569 is yet another starburst galaxy exhibiting spatially extended emission of [FeII] 1.64µm (already detected by Labrie & Pritchet) and a galactic outflow .
Given that the Brγ emission comes from gas ionized by OB stars, the flux ratio [FeII] 1.64µm/Brγ is commonly used to trace the number ratio of supernovae (SNs) to OB stars, ratio as a function of position along the semi-major axis. This is plotted in Fig. 9 ; the minima at [FeII] 1.64µm/Brγ < 1 occur at about ±300 pc from the galaxy center where the star formation rate density is highest (cf. Fig. 8) . The peak at -550 pc is due to a compact SNR. The [FeII] 1.64µm/Brγ ratio increases above 1 with galactocentric distance and at the edges of the cavities, possibly suggesting that in these regions star formation has been somehow quenched. A relevant caveat on this last interpretation comes from the possibility that iron has been excited by shocks produced by the galactic outflow of NGC 1569. In this case, the [FeII] 1.64µm/Brγ ratio may be expected not to trace the star formation history of a galaxy on small spatial scales. The extent by which a galactic outflow can alter this ratio so that it is no longer representative of the local number ratio SNs vs OB stars is still to be thoroughly investigated. In their spectroscopic study of the central 20 ′′ × 20 ′′ in NGC 1569 Westmoquette et al. (2007) found little evidence for shocked line ratios, most likely because this area is experiencing intense star formation and photoionization from OB stars. In this region (equivalent to about 320 × 320 pc 2 at the adopted distance of 3.36
Mpc) we measure the lowest values of [FeII] 1.64µm/Brγ (see Fig. 9 , exception made for the cavities edge), which may also be interpreted as due to photoionization.
We used the dereddened, integrated luminosity of the 
under Case B for a temperature of 10,000 K and a density of 100 cm −3 . For the same physical conditions, L(Paβ) = 5.86 L(Brγ), hence:
We thus derive N(Fe We would like to thank Daniela Calzetti and Monica Tosi for very useful discussions.
The Dark Cosmology Centre is funded by the DNRF. Fluxes are corrected for E g (B-V). The gap between -50 and 30 pc is due to our S/N cut which masked out the central, gas-deficient regions. The image size is 1.5 kpc × 1 kpc.
-37 - Fig. 9 .-The azimuthal [FeII] 1.64µm/Brγ flux ratio, corrected for reddening, as a function of position along the semi-major axis. The gap between -50 and 30 pc is due to our smoothing procedure which masked out the central, gas-deficient regions.
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